Abstract: Polyphenols, flavonoids, triterpenoid and VitaminC from Clinacanthus nutans were extracted by ultrasonic-assisted ethanol extraction. The optimal extracting conditions were established as ethanol as solvent, ultrasound treatment time 35min, solid-liquid ratio 1:45 (g/ml), ethanol concentration 70% and ultrasound power 90W. Results revealed that ultrasound treatment time exert a significant effect on polyphenols and flavonoids, whereas ethanol concentration plays a key role in the extraction of triterpenoid and VitaminC. Under these conditions: polyphenols 8.555mg/g, flavonoids 39.567mg/g, triterpenoid 15.216mg/g, vitaminC 0.606mg/g. This study shows that ultrasonic-assisted ethanol extraction is an efficient technology to extract bioactive substances from Clinacanthus nutans could potentially be a resource for natural antioxidants.
Introduction
Clinacanthus nutans, a member of Acanthaceae family, commonly called Torsional order flowers or The Green Arrow [1] , is a magnificant herbaceous plant which originates from Malaysia and Java [2] . List of Medicinal Plants in Guangxi says that Clinacanthus nutans has effect on clearing heat, diuresis detumescence with wet, invigorating the circulation of hydrophobic, clearing moisture, and anti-tumor [3] . According to the survey, more than 75.33 hectares (Maoyang Town in Wuzhishan and Shuiman town 42hectares, Baoting town and Maogan town 16.67hectares, Lingshui County Wenluo town 8.33hectares, Qiongzhong Country Hongmao town 5hectares) of Clinacanthus nutans has been planted in Hainan province. In recent years, it's popular in Southeast Asia. It's reported that the Malaysian local cancer patients find that eating Clinacanthus nutans have antitumor effect on body. It attracts medical researchers all over the world and a series of research on it are ongoing [4] . Studies have shown that the Clinacanthus nutans is a kind of wild vegetable, which has a high nutritional value and medicinal value [5] . This is because that Clinacanthus nutans contains abundant bioactive substances: extensive sterols, polyphenols, flavonoids, triterpene glycoside and sulfur compounds, and so on [6, 7] . So it's significant to extract them from Clinacanthus nutans.
Microwave-assisted Extraction is an efficient technology to extract bioactive substances from Clinacanthus nutans [8] , while the aim of this study is to optimize the process of extracting the bioactive substances from Clinacanthus nutans by ultrasonic-assisted ethanol extraction. The cavitation of ultrasonic wave was utilized and to realize the extraction under the conditions of low temperature and atmospheric pressure [9] . Various parameters of the method were studied including ultrasound treatment time, solid-liquid ratio, ethanol concentration and ultrasound power. The optimal extracting conditions have been determined to provide a reference for the further development and utilization of Clinacanthus nutans.
Hainan; Gallic acid standard, Rutin standard, Oleanolic acid, Vanillic aldehyde: Yuanye biological science and technology company limited in Shanghai; the Forint phenol standard: Suolaibao science and technology company limited in Beijing; Others' pure is analytical; The water is distilled water.
Instruments Preparation
KS-300E ultrasonic machine: Kesheng instrument company in Ningbo; 7200 visible spectrophotometer: Longnike equipment company limited in Shanghai; BS124S electronic scales: Sartorius company; HH-S26S electric-heated thermostatic water bath: Dadi automation instrument company in Jintan; TDZ5-WS pipe rack automatic balance centrifuge: Xiangyi laboratory instrument development company limited in Hunan.
Methods

1.3.1Determination Method of the Polyphenols Yield
The method to determine the yield of polyphenols was according to Xu's [10] with some modifications. 20mg gallic acid was dissolved into a 200 mL volumetric flask with distilled water to be stock solution. 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5mL stock solution were moved to another vitro and diluted with water into 0.5mL. Add 10% FC reagent 2.5mL and shake completely. After 5min 7.5% NaCO 3 is added in it. Fetch it into Water bath pot for 5min under 50°C. Keep it in dark place for 1h at room temperature . The adsorption of different samples were measured by UV spectrophotometer at 760nm. Standard curve of polyphenols can be obtained, as follows:
In accordance with the above standard curve measuring method, 0.5mL extracting solution was moved into the colorimetric wareand the absorbance was measured by UV spectrophotometer. The polyphenols concentration was obtained by Eq.1.
Polyphenols yield(mg/g)=100C 1 ×V 1 /m (C 1 : the quality concentration of the polyphenols, V 1 : the volume of fluid under test, m: the qualityof Clinacanthus nutans).
1.3.2Determination Method of the Flavonoids Yield
The method to determine the yield of flavonoids was according to Li's [11] with some modifications. 0.0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0mL Rutin were moved into the volumetric flasks respectively. 0.3mL 5% sodium nitrite solution was added in it, shaked completely and standed for 6min. Then add 10% aluminum nitrate solution 0.3mL, shake completely and stand for 6min. 4mL 4% sodium hydroxide solution was moved in it and diluted with 60% ethanol into 10mL. Stand for 12min. The adsorption of different samples were measured by UV spectrophotometer at 510nm. Standard curve of flavonoids can be obtained, as follows:
In accordance with the above standard curve measuring method, 1mL extracting solution was moved into the colorimetric wareand the absorbance was measured by UV spectrophotometer. The flavonoids concentration was obtained by Eq.2.
Flavonoids yield (mg/g) =100C 2 ×V 2 /m (C 2 : the quality concentration of the flavonoids, V 2 : the volume of fluid under test, m: the qualityof Clinacanthus nutans).
1.3.3Determination Method of the Triterpenoid Yield
The method to determine the yield of triterpenoid was according to Huang's [12] with some modifications. 17mg Oleanolic acid was moved into volumetric flask accurately. 0.1, 0.2, 0.3, 0.4, 0.5, 0.6mL standard solution were dissolved into vitros respectively with anhydrous ethanol to 1mL. 1mL anhydrous ethanol was added into the blank sample. All the vitros were put in a boiling water bath until the solvent volatile completely. 5% vanillin-ice acetic acid 0.4mL, perchlorate 1.6mL were moved in it respectively and blended quickly. Afterwards 70°C water bath for 15 min, cool it to the room temperature with ice water. After 8mL ethyl acetate was added, the adsorption of different samples were measured by UV spectrophotometer at 560nm. Standard curve of triterpenoid can be obtained, as follows:
In accordance with the above standard curve measuring method, 0.5mL extracting solution was moved into the colorimetric wareand the absorbance was measured by UV spectrophotometer. The triterpenoid concentration was obtained by Eq.3.
Triterpenoid yield (mg/g) =100C 3 ×V 3 /m (C 3 : the quality concentration of the triterpenoid, V 3 : the volume of fluid under test, m: the qualityof Clinacanthus nutans).
1.3.4Determination Method of the Vitamin C Yield
The method to determine the yield of VitaminC was according to Zhao's [13] with some modifications. 0.2 mg/mL 2,6-dichloro indophenol solution was stored at 4°C. It was calibrated by 0.05mg/mL ascorbic acid solution ( it was prepared by 2% oxalic acid) before each using it. The titer was calculated by Eq.4:
C: concentration of standard ascorbic acid, V: the volume of standard ascorbic acid solution that have taken, V 0 : the volume of 2,6-dichloro indophenol that the blank solution consumed, V 1 : the volume of 2,6-dichloro indophenol that the titration consumed.
10mL extracting solution was moved into conical flask and titrated by 2,6-dichloro indophenol. Write down the consumed volume. Vitamin C (mg/100mg) yield was calculated according to Eq.5:
V 0 : volume of 2,6-dichloro indophenol that the blank solution consumed, mL; V 2 : the volume of 2,6-dichloro indophenol that the titration consumed, mL; T: the titer, mg/mL; M: the quality of Clinacanthus nutans,g.
1.3.5Design of Extraction Test
The single factor test: according to the results of preliminary experiments, ultrasound treatment time(10min,20min,30min,40min,50min), solid-liquid ratio(1:20, 1:30, 1:40, 1:50, 1:60), ethanol concentration(20%,40%,60%,80%,100%) and ultrasound power(72W, 108W, 144W, 180W, 216W) were elected to the factors of the single factor test. Under the condition that other factors are invariable, make a research on every factor's influence on the yield of polyphenols, flavonoids, triterpenoid and VC from Clinacanthus nutans.
Orthogonal test: based on the result of the single factor test, process of ultrasonic-assisted extraction is optimized by the orthogonal experiment. The design of factors and levels is shown in Table1. The effect of ultrasound treatment time on yields of polyphenols, flavonoids, triterpenoid and VitaminC was evaluated. The rest of the variables were a solid-liquid ratio of 1:40 g/mL, ethanol concentration of 60% and ultrasound power of 144W. The yields of bioactive substances after various extractions are shown in Fig.1 . It was observed that 40min of ultrasound treatment time can increase the yields and prolonged irradiation led to a reduction in yields. The highest yield was obtained after 144W for 40min's extraction. Because the longer time will promote the spread of bioactive substances, but overlong time will destruct the molecular structure of bioactive substances, so that the yield of the four bioactive substances decreased [14] . Time played an important role on the yields. Among them, triterpenoid and polyphenols changed gently during this process; the yield of VC and flavonoids changed obviously. Different bioactive substance present different trend. This phenomenon is relevant with their molecular structure. Thus, 40min was deemed as the optimal ultrasound treatment time.
2.2Effect of Material/Liquid Radio on Yield
Fig.2 Effect of material/liquid radio on yield
Solid-liquid ratio is an important factor in separation technique. To avoid inadequate extraction, the effect of solid-liquid ratio on the yields of polyphenols, flavonoids, triterpenoid and VitaminC were studied with different solid-liquid ratios under a ultrasound power of 144W, ethanol concentration of 60% and an extraction time of 40min. In Fig.2 , the yields of bioactive substances increased dramatically with the increasing of solid-liquid ratios from 1:20 to 1:40 g/mL, the yield was the highest when solid-liquid ratio was 1:40 g/mL; while solid-liquid ratios were higher than 1:40g/mL, high solid-liquid ratios bright a decrease of their yields. Suitable solid-liquid ratio can make Clinacanthus nutans dissolve completely. When solid-liquid ratio was 1:50 g/mL, the yield decreased obviously. This is because that the solvent molecules share more energy [15] . Among them, VC and flavonoids changed obviously during this process. Excessive solid-liquid ratio is bad for deconperssion concentration. Thus, taking the consumption of solvent into account, the solid-liquid ratio in present test was identified as 1:40 g/mL.
2.3Effect of Ethanol Concentration on Yield
Fig.3 Effect of ethanol concentration on yield
The effect of ethanol concentration on yields of polyphenols, flavonoids, triterpenoid and VitaminC was evaluated. The rest of the variables were a solid-liquid ratio of 1:40 g/mL, every extraction cycle of 40min and ultrasound power of 144W. Fig.3 shows that as the ethanol concentration increased, the yields of bioactive ingredients were gradually enhanced. The highest yield was obtained when the ethanol concentration is 60%. While excessive concentration of ethanol lead to the a reduction in yields. This is perhaps because that the solubility of biological macromolecules such as protein decreased, blocking the microporous of organization and it increases the mass transfer resistance of tissue cells and extraction solvent [16] . During the process, the blockage effect of biological macromolecules on flavonoids and vitamin C is more obvious. This phenomenon is relevant with their molecular structure. The nature of the material is decided by the structure of the material. Therefore, it was appropriate to select 60% as the practical ethanol concentration. Fig.4 Effect of ultrasound power on yield
2.4Effect of Ultrasound Power on Yield
The effect of ultrasound power on yields of polyphenols, flavonoids, triterpenoid and VitaminC was evaluated. The rest of the variables were a solid-liquid ratio of 1:40 g/mL, ethanol concentration of 60% and extraction cycle of 40min each. Fig.4 showed that as the power increased, the yields of bioactive ingredients were gradually enhanced. This is perhaps because that ultrasound power become higher, the material can absorb more ultrasound energy, which increases damage of the sample cell and is good for leaching the active ingredients. However, when the ultrasound power was more than 108W, the yields showed a declining trend. This fact can be attributed to the power increase of moisture content in the sample destroy the bioactive substances and dissolution of impurities [17] . In a word, the ultrasound power in present test was identified as 108W.
Results and Discussion of Orthogonal Test
Orthogonal experimental design was employed to optimize the ultrasonic-assisted extraction process of polyphenols, flavonoids, triterpenoid and VitaminC, and the results are shown in Table 2 . It shows that ultrasound treatment time is the most significant factor while ethanol concentration is the insignificant for the polyphenols yield, in an order of A>D>B>C, and the optimal level is A 1 B 3 C 3 D 2 ; ultrasound treatment time is the most significant factor while ethanol concentration is the insignificant for the flavonoids yield, in an order of A>D>B>C, and the optimal level is A 1 B 3 C 2 D 1 ; ethanol concentration is the most significant factor while ultrasound power is the insignificant for the triterpenoid yield, in an order C>A>B>D, and the optimal level is A 1 B 2 C 3 D 3 ; ethanol concentration is the most significant factor while ultrasound treatment time is the insignificant for the VitaminC yield, in an order of C>B>D>A, and the optimal level is A 2 B 3 C 3 D 3 .
Considering that ultrasound treatment time is the most significant influence on polyphenols and flavonoids, so the best ultrasound treatment time 35min of polyphenols and flavonoids is elected as the optimal ultrasound treatment time; solid-liquid ratio is the most significant influence on the four kinds of bioactive substances, considering saving the raw materials, the best solid-liquid ratio 1:45 is elected as the optimal solid-liquid ratio; ethanol concentration is the most significant influence on triterpenoid and VitaminC, so the best ethanol concentration 70% of triterpenoid and VitaminC is elected as the optimal ethanol concentration; ultrasound power is significant influence on polyphenols and flavonoids, in order to ensure the maximum activity, 90W is elected as the optimal ultrasound power. According to this experimental design, the optimum conditions for ultrasonic-assisted extraction of polyphenols, flavonoids, triterpenoid and VitaminC from Clinacanthus nutans are that ultrasound treatment time of 35min, solid-liquid ratio of 1:45 g/mL, ethanol concentration of 70% and ultrasound power of 90W. Verification Test was carried out at these best conditions, and the yields of polyphenols, flavonoids, triterpenoid and VitaminC were 8.555mg/g, 39.567mg/g, 15.216mg/g and 0.606mg/g, respectively, which were in good agreement with the predicted.
Summary
This study focused on the optimization of ultrasonic-assisted extraction process for bioactive substances (polyphenols, flavonoids, triterpenoid, VitaminC) from Clinacanthus nutans. The study shows that: order of the polyphenols yield is ultrasound treatment time>ultrasound power>solid-liquid ratio>ethanol concentration; order of the flavonoids yield is ultrasound treatment time>ultrasound power>solid-liquid ratio>ethanol concentration; order of the triterpenoid yield is ethanol concentration>ultrasound treatment time>solid-liquid ratio>ultrasound power; order of the VC yield is ethanol concentration>solid-liquid ratio> ultrasound power>ultrasound treatment time.
According to the above experiments, the optimum ultrasonic-assisted extraction conditions were determined to be: ultrasound treatment time of 35min, solid-liquid ratio of 1:45 g/mL, ethanol concentration of 70% and ultrasound power of 90W.
